Abstract : A magnetic sensor, constructed of bulk Bi-Pb-Sr-Ca-Cu-O (BPSCCO), was fabricated by use of the shock compaction method, employing a propellant gun-system, and then sintered under through use of an electronic furnace. The specimen as a magnetic sensor was maintained in the superconducting state at 77.4 K, under a current density J of approximately 40 A/cm in the absence of an excitation magnetic field B ex value of 40 10 T. That is, the resistance R of the specimen occurred when exposed to 40 10 T under a constant J of 40 A/cm . of B ex , being approximately B 13 times greater than that of a giant magnetoresistance (GMR) sensor. It was, consequently, determined that it was possible to apply the bulk BPSCCO specimen as a highly sensitive magnetic sensor.
. The superconducting state was then broken and the specimen exposed to a B ex B -4 meas -4 2 The magnetic sensitivity S of the specimen was approximately 13 %/(10 -4 T) over the range of measurement of the magnetic field BB meas from 0 to 5 10 T, under a value -4 constant 40 10 T for the -4 of B ex , being approximately B 13 times greater than that of a giant magnetoresistance (GMR) sensor. It was, consequently, determined that it was possible to apply the bulk BPSCCO specimen as a highly sensitive magnetic sensor.
１． はじめに
In constructing highly sensitive magnetic sensors, the present authors have been studying the use of bulk Bi-Pb-Sr-Ca-Cu-O (BPSCCO) as the magnetic sensor, which was fabricated by use of the shock compaction method, employing a propellant gun-system. The BPSCCO specimen as a magnetic sensor was maintained in a superconducting state at 77.4 K under a current density J of about 40 A/cm in the absence of excitation magnetic field B ex value of 40 10 T. That is, the resistance R of the specimen occurred when exposed to 40 10 T under a constant J of 40 A/cm . 13 times greater than that of a giant magnetoresistance (GMR) sensor. Consequently, it was determined that the bulk BPSCCO specimen could be possibility used as a highly sensitive magnetic sensor.
２．研究経過
In the fabrication of the bulk BPSCCO specimens to be used as magnetic sensors, commercial BPSCCO powder (Dowa Mining Co., Ltd., DSC-045001) was formed into pellets by using a compressor under pressures ranging from 200 to 300 MPa. The pellets were further subjected to shock compaction pressures of about 4 GPa for about 1 sec. The specimens were sintered under a temperature of 845 °C for 48 hours, by heating in dry air to a temperature of 845 °C at the rate of 14 °C/min, cooled in dry air to a temperature of 300 °C at the rate of 5 °C/min, and then cooled to room temperature by a natural cooling. The pellets, measuring 0.5 mm in thickness and 10 mm in diameter, were cut into rectangular-shaped test specimens using a diamond saw at a low cutting rate to reduce the effects of heat.
The magnetic characteristics were evaluated with all sensors placed in an excitation magnetic flux density BB ex , that is, a homogeneous DC magnetic field. The B ex B was applied perpendicular to the surface of the sensors which measured 9.4 mm in length and 1.7 mm in width. The measuring system used in obtaining the magnetic characteristics was shielded by two Mu-metal cylinders around a metal dewar vessel. The four-terminal method was used during resistance measurements of the sensors.
３．研究成果
The change in resistance of the sensor with the shock compaction method due to the measuring flux density BB meas do not exhibit a normal state for values of B ex B under 40 10 -4 T and values of J less than 35 A/cm 2 . Therefore, a magnetic measuring system can be constructed in order to realize a normal state of the sensor, and is biased for a homogeneous DC magnetic flux density BB bias of 40 10 T. The B bias -4 B is applied perpendicular to the surface of the magnetic sensor by use of a Helmholtz coil. These, in turn, are shielded by a metal dewar which holds liquid nitrogen at room temperature (300 K), and two layers of permalloy sheets.
The magnetic sensitivity S can be defined as S 100 B meas R meas (B meas ) R meas (B meas 0 T) R meas (B meas 0 T) %/(10 -4 T).
Here, R meas (BB meas ) and R meas (B meas B =0 T) are the resistance in a measure magnetic field BB meas , and that in the absence of a magnetic field, respectively. The values of magnetic sensitivity S increase as the values of decrease, such as shown in Figs. 1 and 2 . These results demonstrate that, the value of S can be readily controlled by the value of J. Figures 1 and 2 are the results for the sensors with and without the shock compaction method, respectively. 
